INTRODUCTION
Liver cirrhosis is a risk factor for the development of portal vein thrombosis (PVT). Anticoagulant therapy for at least 3 months is generally recommended for recanalization to prevent intestinal infarction and worsening of portal hypertension, ascites and jaundice. Low-molecular-weight-heparin and warfarin contribute the traditional anticoagulation protocol. However, warfarin has a narrow therapeutic window and carries the risk of drug interactions, and requires frequent dose adjustments. Therefore, novel oral anticoagulants (NOACs) have been developed to compensate for the troublesome aspects of warfarin therapy.
Rivaroxaban is a promising therapeutic option to treat PVT in cirrhosis. Rivaroxaban is an oral anticoagulant agent of factor Xa inhibitor class. Oral rivaroxaban can be prescribed in a fixed dosage without coagulation monitoring. We report a case of complete recanalization for recurrent acute PVT in a cirrhotic patient who was treated with rivaroxaban.
CASE REPORT
A 63-year-old female with liver cirrhosis was incidentally diagnosed with PVT on liver dynamic computed tomography (CT). She was asymptomatic and there were no signs to indicate infection, including fever or leukocytosis. The laboratory findings were as follows: WBC count, 3,100/mm 3 ; hemoglobin, 12.6 g/dL; platelet count, 43,000/mm On baseline liver dynamic CT, hypo-attenuated filling defects were visible in the right portal vein and main portal vein, suggesting thrombosis (Fig. 1A) . Malignant PVT was excluded due to the lack of enhancement of the thrombus on dynamic CT during the arterial phase and a normal AFP level. For recanalization of the portal vein, we began with low molecular weight heparin (Enoxaparin 1 mg/kg via subcutaneous injection) and changed to warfarin. We maintained anticoagulation therapy for 3 months. On follow-up liver dynamic CT, resolution of the PVT was identified (Fig.  1B) . After resolution of the PVT, we discontinued warfarin treatment. Follow-up liver dynamic CT 3 months after cessation of warfarin showed a recurrence of PVT ( Fig. 2A) . At that time, the laboratory findings were as follows: total bilirubin, 1.1 mg/dL: albumin, 4.1 g/dL, and PT INR, 1.13. Child-Pugh class and MELD score were A and 8, respectively. We then initiated rivaroxaban instead of warfarin (15 mg twice per day for 3 weeks and then, 20 mg per day). The dosage of rivaroxaban can be altered as needed to treat acute deep vein thrombosis (DVT) and PTE.
1 Three months after beginning rivaroxaban, follow-up liver dynamic CT showed resolution of the PVT (Fig. 2B) . Six months after beginning rivaroxaban, follow-up liver dynamic CT still showed full resolution of the PVT. During the rivaroxaban treatment, the patient did not experience any adverse events, including gastrointestinal bleeding.
DISCUSSION
Cirrhotic patients are at risk for PVT, which has accounted for 5-30% of patients with portal hypertension. 2, 3 The Incidence of PVT in advanced liver cirrhosis is high, at less than 1% in patients with compensated cirrhosis, but 8-25% in liver transplantation candidates due to venous stasis and their hypercoagulable status. 4, 5 PVT in cirrhotic patients is often accompanied by gastrointestinal bleeding including variceal bleeding, intestinal infarction, portal hypertension, and portal cholangiopathy. 6 When the thrombus extends to the superior mesenteric vein, the risk of intestinal infarction is high. 6 Cirrhotic patients with chronic PVT can develop portal hypertension, which leads to the formation of collaterals around the obstructed portal vein, aggravation of ascites, and varix. Portal cholangiopathy may be seen in patients with longstanding PVT and can cause signs of biliary obstruction, such as pruritus, obstructive jaundice. 7, 8 PVT Complications can be quite serious, requiring prompt medical attention and treatment. Rivaroxaban is a new treatment option for PVT in patients with cirrhosis. It is an oral anticoagulative agent that inhibits free Factor Xa and Factor Xa bound in the prothrombinase complex. 9 Factor Xa catalyzes the conversion of prothrombin to thrombin, and one molecule of Factor Xa generates over 1,000 thrombin molecules. 10 Thus, inhibiting Factor Xa can block this burst of thrombin generation, thereby diminishing thrombin-mediated activation of coagulation and platelets.
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Rivaroxaban therapy has some advantages compared with warfarin. First, rivaroxaban can be prescribed without dose modification and without coagulation monitoring. Absorption of rivaroxaban is also unaffected by food. 12 Warfarin requires highly variable dose adjustments, necessitating close monitoring. Second, rivaroxaban also has a faster onset time than warfarin therapy; the onset time for rivaroxaban is 30 min, compared with an onset time of 36-72 hours for warfarin, which must be combined with heparin. 13 The discontinuation period of NOACs is relatively short; furthermore, the half life of warfarin is 20-60 hours, compared with 5-9 hours in young adults and 11-13 hours in older adults for rivaroxaban. 14 Therefore, prior to an invasive procedure or elective surgery, warfarin should be stopped for 5 days previously, but rivaroxaban must be stopped only 1-2 days prior if there is no bleeding evidence. Compared to traditional anticoagulation therapy, NOACs have similar safety characteristics in cirrhotic patients. 15 However, rivaroxaban is contraindicated in the case of patients with impaired hepatic function (Child-Pugh classification B, C). Although rivaroxaban has limited use for the treatment of PVT in cirrhotic patients, there are some case reports of PVT controlled by rivaroxaban treatment. [16] [17] [18] Another important issue of this case is the optimal duration of anticoagulation therapy for acute PVT. Anticoagulation therapy has proven benefits in patients with acute DVT.
14 The American Association for the Study of Liver Disease (AASLD) guideline recommends that anticoagulation treatment be maintained for at least 3 months for all patients with acute PVT. The relapse rate of venous thromboembolism is 12-18% at 2 years after treatment. 19, 20 In our case, we maintained traditional anticoagulation therapy for 3 months and achieved complete recanalization of portal vein. However, after 3 month from cessation of warfarin, PVT recurred. We then began rivaroxaban and have maintained NOACs since resolution of the PVT. However, there is no consensus on maintaining anticoagulation to prevent re-thrombosis. 21 In conclusion, we reported a case of complete resolution of recurrent PVT in a cirrhotic patient who was treated with rivaroxaban. This case highlights that rivaroxaban could be an alternative option to traditional warfarin therapy.
